ABSTRACT Darkling beetles, Blapstinus spp., have become a serious pest of Cucurbitaceae crops, especially in California. A culture method was sought to provide large numbers (>500) of adult beetles of known age and sex that could be used for laboratory testing when needed. A method previously developed for Alphitobius diaperinus (Panzer) using a diet of ground chick feed, with apple slices as a moisture source, was modified for use with Blapstinus spp. and then compared with the same method substituting apple slices with zucchini as the moisture source. Rearing boxes set up with apple slices produced significantly more pupae and adults than boxes containing zucchini slices. However, using either zucchini or apples as a moisture source yielded over the target of 500 adults per rearing box. A previous method designed to sex A. diaperinus based on the presence (/) or absence (?) of second valvifers in the pupal stage also proved to be effective for sexing the Blapstinus spp.
Darkling beetles, Blapstinus spp. (Coleoptera: Tenebrionade), adults and larvae are reported to damage Cucurbitaceae crops, cutting off young seedlings at the ground level and later in the season, feeding damage to melon flowers, and boring into ripening fruits can also occur (LeBoeuf 2002 , UCIPM 2009 ). We began an investigation of darkling beetles (spp. undetermined) that were reported to be causing damage to cantaloupe crops in Imperial County, CA (E. Natwick, personal communication). There is little known about this specific pest other than it is difficult to control and its entire lifecycle has not been determined. Our previous work with a related Tenebrionidae, Alphitobius diaperinus (Panzer), had led to the discovery of a male-produced aggregation pheromone that showed effectiveness in the field by attracting adults and larvae to a pitfall trap (Bartelt et al. 2009, Singh and Johnson 2012) . We wanted to investigate this species of Blapstinus for similar attractants (either pheromone or food related) that might prove useful in a trapping system. It was hoped that applying techniques successful with identifying attractants for A. diaperinus would yield similar results with Blapstinus spp.
Success with A. diaperinus was directly related to being able to culture large numbers of adults of similar age (>500 per rearing box) in the laboratory so that a supply was available for volatile collectors and wind tunnel bioassays. For Blapstinus spp., wind tunnel bioassays typically require 500-700 mixed-sex adults (3-5 wk postemerged) at a time. Volatile collectors, set up to capture potential pheromone (or other attractive compounds), usually contain 10 newly emerged, sexed adults, but vary from 1 to 50 beetles occasionally. Up to 10 volatile collectors can be set up at one time. A culture method similar to A. diaperinus that could be set up on a weekly basis and supply at least 500 Blapstinus spp. adults was needed. By combining the output of these rearing boxes, an ample number of adult beetles of similar age could be obtained to meet our needs.
This article describes the method for culturing Blapstinus spp. beetles based on methods originally developed for A. diaperinus (Falomo 1986 , Bartelt et al. 2009 ). Rice and Lambkin (2009) further showed the use of apple halves as a moisture source greatly increased the number of A. diaperinus adults produced in rearing boxes.
A test was done for the Blapstinus spp. to compare apple halves versus zucchini (a cucurbit) as moisture sources to see which would prove to be the most effective for producing beetles in sufficient numbers for bioassay. For both moisture source treatments, total numbers of Blapstinus spp. produced as pupae and adults, the sex ratio and the survival rate from pupae to adult were recorded. Sex determination of the pupal stage based on a method previously described for A. diaperinus was evaluated for use with Blapstinus spp.
Materials and Methods
Insects. Blapstinus spp. adults were collected in large numbers (>1,000) at the University of California, Desert Research and Extension Center (Imperial County, Holtville, CA 92250) and shipped (Permit no. P526P-13-03702) overnight to the National Center for Agricultural Utilization Research in Peoria, IL.
Standard Rearing Conditions. Rearing boxes were 190 by 300 by 85 mm 3 plastic boxes with tight fitting lids (Iris USA Inc., Pleasant Prairie, WI). Two ventilation holes were cut in each lid along the midline. Holes were 35-mm in diameter and located 100 mm from either side of the midpoint of the lid. Circular pieces of fine mesh brass screen (42 mm in diameter) covered each hole and were held in place by melting the edge of the brass screen into the plastic lid using a heated knife blade. Each rearing box contained a food source of 150 g of ground chick feed (DuMor Chick Starter/Grower, Tractor Supply Co., Brentwood, TN), enough to uniformly cover the floor of the box 5 mm deep. In the center of each box, on top of the chick feed, four pieces of single-sided corrugated cardboard (150 by 65 mm) were stacked on top of each other to serve as a site for oviposition. Each rearing box was then evenly filled with pine-bedding (All Natural Pine Bedding, Premier Pet Supply, Beverly Hills, MI) to a depth of 60 mm, an amount that just covered the stack of cardboard in the middle. One apple ('Golden Delicious', grown locally and placed into cold storage for up to 4 mo) halved or three slices (25 mm in breadth) of zucchini (White Zucchini squash, purchased weekly from local grocery), were equally spaced on top of the pine bedding. Both apple halves and zucchini pieces were replaced every 5-7 d as they dried out. Rearing boxes were kept in an incubator (Model 136VL, Percival Scientific Inc., Perry, IA), with a temperature of 32 C, a humidity of 65%, and a photoperiod of 14:10 (L:D) h.
Moisture. Initial attempts at providing suitable moisture for culturing Blapstinus spp. were tested by using modified A. diaperinus culture techniques (Falomo 1986 , Bartelt et al. 2009 ). These included misting corrugated cardboard squares laid on top of the ground chick feed, and using a water-moistened sponge (60 by 45 mm 2 ) contained within a plastic weigh-boat (81 mm 2 by 23 mm deep) that was placed on top of the chick feed. Pine bedding covering the chick feed was level with the top of the weigh boat containing the sponge. Both of these methods required the moisture to be replaced on a daily basis and unwanted fungal growth and large infestations of mites were often a byproduct resulting in very low progeny numbers (<100 per box). Rice and Lambkin (2009) reported overcoming similar problems culturing A. diaperinus by using apple halves. A search was begun to find a similar moisture source for Blapstinus spp. In addition to trying apple, it was surmised that a cucurbit might work as well or better because adult Blapstinus spp. are known to use ripening cantaloupe fruit as a food source. Cantaloupe, cucumbers, and zucchini pieces were given in preliminary trials. While both cantaloupe and cucumbers appeared to be fed upon by adults, they were far less attractive than the zucchini in numbers of adults that stayed on the fruit (however, a literature search did not find any record of Blapstinus spp. feeding on zucchini fruit in the field). For this reason, it was decided to test zucchini against apples to determine if one would significantly outperform the other when used in the rearing boxes designed to culture large numbers of Blapstinus spp. beetles.
Apples Versus Zucchini Treatments. To remove any residual chemical applications, apples and zucchini were washed with a mild detergent, thoroughly rinsed and patted dry before use in the experiment. Three replicate culture boxes (as described above) using apples and three boxes using zucchini were prepared, and 100 mixed-sex (ratio unknown) adult Blapstinus spp. were placed in each box. Adults used were 3-5 wk postemergence from the pupal stage. Seventeen days after set up and working with each rearing box independently, adults were separated from young larvae by sifting the rearing material through a series of three screens with openings of 4.75, 1.68, and 0.84 mm, respectively. Only the larvae and the finer rearing material could pass through all three screens. Then, the young larvae and rearing material were transferred to a new rearing box. This procedure was then repeated, one at a time, for the other five rearing boxes. The new boxes were set up as before except one layer of eight smaller pieces of cardboard (60 mm 2 ), spaced evenly across the top of the chick feed, replaced the larger stacked pieces that were used as oviposition sites in the initial set up. These smaller pieces of cardboard served as both a refuge to reduce larval and pupal cannibalism and later as pupation sites and were covered with a layer of pine bedding (30 mm in breadth). Treatment no.1 contained apple halves on top of the pine bedding to serve as a moisture source, whereas treatment no.2 used zucchini slices.
Eight days after larvae were separated from adults, individual rearing boxes were again independently sieved through the same series of screens. Just prior to sieving, the cardboard squares in each box were pulled apart to allow their contents to fall to the bottom of the rearing box and then the cardboard pieces were discarded. All the larvae from one rearing box were collected and placed into a new clean rearing box. This procedure was then repeated for the five remaining rearing boxes. This second transfer was very effective for helping to keep mite infestations low. On 7 or 8 d intervals after the second transfer, all the boxes from both treatments were again independently sieved to collect pupae and adults. A record was kept for each rearing box by counting and sexing all pupae and adults found within. Pupae from each rearing box were then placed into separate petri dishes (one dish per rearing box) to complete development to adults and to minimize cannibalism of the pupae by the remaining larvae. The remaining larvae from each rearing box were again placed into newly prepared rearing boxes. Between intervals of sieving, all the rearing boxes were visually examined every 1-3 d to check for pupae and adults, which were then removed, counted and sexed. The experiment was terminated when no more larvae, pupae, or adults could be found in any of the rearing boxes.
Statistical Analysis. Data comparing apples with zucchini treatments were subjected to a one-way analysis of variance using Microsoft Excel 2010 (version 14.0.7128.5000) and means were separated by least significant difference (P < 0.05).
Sex Determination. Male and female adult Blapstinus spp. could not be distinguished from one another using external morphological characteristics. With the aid of a microscope, it was possible to determine the sex of the pupae based on the method developed for A. diaperinus by Barké and Davis (1967) . Blapstinus spp. female pupae have the same pair of fleshy nonsclerotized projections (second valvifers) present in the pupae of female A. diaperinus. This structure is absent in the male pupae of both species. For adults collected from rearing boxes (<10 for the entire experiment), sex was determined by dissection under the microscope for the presence (?) or absence (/) of the aedeagus.
Results
The time needed to produce first generation adult Blapstinus spp. was very similar between rearing boxes containing apples or zucchini (Table 1 ). The first pupae observed in any of the three rearing boxes using zucchini occurred 28 d after the initial set up, with the first adults emerging 6 d later. Using apples, the first pupae were observed in any of the three rearing boxes 28 d after the set up and the first adults appeared 5 d later. The bulk of adult emergence (defined as the time period where >98% adults emerged) started in zucchini 38 d after the set up and lasted for 21 d. In apples, the bulk of the adults emerged from day 40 to day 68, a period of time 9 d longer than in rearing boxes containing zucchini. Apples also continued to produce a few pupae and adults, for 17 and 13 d, respectively, longer than zucchini.
There were significant differences in the production of Blapstinus spp. between rearing boxes using apples and those using zucchini ( Table 2 ). The mean number of pupae and adults produced in rearing boxes using apples was significantly higher than those with zucchini. However, every rearing box, regardless of fruit treatment, successfully produced at least 500 adult beetles (the target number needed for our wind tunnel bioassays). Not all pupae successfully emerged as adults and there was visual evidence under the microscope that some cannibalism had occurred. A significantly greater percentage of pupae emerged as adults using zucchini than when compared with apples, but there was no significant difference in the ratio of males to females for either adults or pupae. In general, the overall percentage of females to males was very close (55:45% respectively) for both pupae and adults.
Discussion
Using the culture method described herein, it is possible to set up a rearing box and obtain an adequate supply of Blapstinus spp. adults of known age for use in the wind tunnel bioassays or volatile collectors. The use of apples or zucchini in the rearing boxes yielded more than the 500 adult insects needed for use in our wind tunnel bioassays. Both the apples and zucchini provide a critical moisture source for the larvae and adults, as well as an additional food source. The outer skin of the zucchini slices was often fed upon by both adults and larvae but the outer skin of the apple halves was essentially untouched. Apple halves were usually larger than zucchini pieces, and because the skin of the apples remained intact, they did not dry out as quickly as zucchini. This may be why the use of apple yielded a significantly higher number of pupae and adults than the use of the zucchini, even though zucchini is more closely related to cantaloupe, one of the reported field hosts for this pest. The lower percentage of pupae emerging as adults and the observance of cannibalism in the rearing boxes with apples indicate that some over-crowding was taking place. In rearing boxes containing zucchini, fewer larvae were observed, which may have decreased the amount of cannibalism, resulting in an increased success rate of pupae emerging as adults. Zucchini rearing box no. 2, which produced the fewest number of adult beetles (517), had the highest percentage of emergence of pupae to adulthood (79.7%). Decreasing either the starting population or length of time for egg laying of adult breeders or increasing the size of the rearing boxes might help to alleviate this problem and could lead to an increase in the percent of pupae making it to adulthood, thereby increasing the efficiency of the method. During periods when large numbers of wind tunnel bioassays and volatile collections were being performed, setting up a new rearing box on a weekly basis for 3 wk provided an ample supply of adults of similar age (3-5 wk old). Although apples out-performed zucchini in the production of new beetles, it was valuable to know that zucchini was an acceptable alternative should apples become unavailable or zucchini more economical.
Sex determination of Blapstinus spp. in the pupal stage, looking for the presence or absence of second valvifers, was nondestructive and much quicker and easier than dissection. Pupae were immobile and easy to handle, and using such a technique required minimal training. Over 100 pupae could be sexed and separated in an hour. The resulting adults, from only a few hours of sexing pupae, provided enough Blapstinus spp. for our volatile collecting experiments.
